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Description 

FIELD OF THE INVENTION 

[0001 J The present invention is directed to electron transfer via nucleic acids. More particulariy, the 
Invention Is directed to the site-selective modification of nucleic acids with electron transfer moieties such as 
redox active transition metal complexes to produce a new series of blomaterials and to methods of making and using 
s them. The novel blomaterials of the present Invention may be used as bioconductors and diagnostic probes. 

BACKGROUND OF THE INVENTION 

[0002] The present inventfon, in part, relates to methods for the site-selective modifcatbn of nucleic adds 
with redox active moieties such as transition metal complexes, the modified nucleic acids themselves, and their 
uses. Such modified nucleic acids are particularly useM as btoconductors and photoactive nucleic acid probes. 
[0003] The detectbn of specific nucleic acid sequences is an important tool for diagnostic medicine and 
molecular biology research. Gene probe assays currently play roles In identifying infectious organisms such as 
bacteria and vinjses. In probing the expression of normsrt genes and identifying mutant genes such as oncogenes, in 
typing tissue for compatiblity preceding tissue transplantatfon, in matching tissue or blood samples for forensic 
iS medicine, and for exploring homology among genes from different species. 

[0004] Ideally, a gene probe assay should be sensitive, specific and easily automatable (for a review, see 
Nickerson, Cun-ent Opinion in Bfotechnology 4:48-51 (1993)). The requirennent for sensitivity (i.e. low detection 
limits) has been greatly afteviated by the development of the polymerase chain reactbn (PGR) and other 
amplificalton technologies which allow researchers to amplify exponentially a specific nucleic acid sequence before 
analyse (for a review, see Abramson et al., Cun^nt Opinion in Biotechnotogy, 4:41-47 (1 993)). 
[0005] Specricity, in contrast, remains a problem in many cun-ently available gene probe assays. The extent of 
molecular complementarity between probe and target defines the specificity of the uiteractioa Varialbns In the 
concentrations of probes, of targets and of salts in the hybridization medium, in the reaction temperature, and in 
the length of the probe may alter or influence the specificity of the probe^arget interaction. 

[0006] It may be possible under some limited circumstances to distinguish targets with perfect complementarfty 
25 from targets with mismatches, although this is generally very difficult using traditbnal technology, since smaB 
variations in the reaction conditions will alter the hybridization. New experimental techniques for mismatch 
detection with standard probes include DNA ligation assays where single point mismatches prevent ligation and probe 
digestion assays in which mismatches create sites for probe cleavage. 

[0007] Finally, the automation of gene probe assays remains an area in which current technologies are lacking. 
Such assays generally rely on the hybridization of a labelled probe to a target sequence foltowedby the separation 
30 of the unhybridlzed free probe. This separation Is generally achieved by gel electrophoresis or solid phase capture 
and washing of the target DNA. and is generally quite difficult to automate easily 

[0008] The time consuming nature of these separation steps has led to two distinct avenues of development. One 
involves the development of high-speed, high-throughput automatable electrophoretic and other separation techniques. 
The other involves the development of non-separation honnogeneous gene probe assays. 

35 [0009] For example, Gen-Probe Inc., (San Diego, OA) has developed a homogeneous protectbn assay in which 
hybridized probes are protected from base hydrolysis, and thus are capable of subsequent chemiluminescence. 
(Okwumabua el al. Res. MicrobioL 143:183 (1992)). Unfortunately, the reliance of this approach on a 
chemiluminescent substrate known for high background photon emission suggests this assay will not have high 
specificity. EPO application number 86116652.8 descnbes an attempt to use non-radiative energy transfer from a 
donor probe to an acceptor probe as a homogeneous detection scheme. However, the fluorescence energy transfer is 

40 greatly influenced by both probe topology and topography, and the DNA target itself is capable of significant energy 
quenching, resulting in considerable variability. Therefore there is a need for DNA probes which are specific, 
capable of detecting target mismatches, and capable of being incorporated ffito an automated system for sequence 
identification. 

[0010] As outlined above, molecular bblogy relies quite heavily on modified or labelled oligonucleotides for 
traditional gene probe assays (Oligonucleotide Synthesis: A Practical Approach. Gait et al., Ed.. IRL Press: Oxford. 
UK, 1984; Oligonucleotides and Analogues: A Practical Approach. Ed. F. Eckstein. Oxford University Press. 1991). As 
a result, several techniques cun^ntly exist for the synthesis of tailored nucleic acid molecules. Since nucleic 
acids do not naturally contain functional groups to which molecules of interest may easily be attached covalently, 
methods have been developed which allow chemk^al modification at either of the terminal phosphates or al the 
heterocyclic bases (Dreyer et al. Proc. Natl. Acad. Scl USA. 1 985, 82:968). 
SO [0011] For example, analogues of the common deoxyribo- and ribonucleosides which contain amino groups at the 
2' or 3' position of the sugar can be made using established chemical techniques. (See Imazawa et a!., J. Org. 
Chem.. 1979, 44:2039; Imazawa et al., J. Org. Chem. 43 (15):304 4 (1978); Verheyden et ah, J. Org. Chem. 36(2):250 
(1971); Hobbs et al., J. Org. Chem. 42(4): 714 (1977)). In addition, oligonucleotides may be synthesized with 2'-5' 
or 3'-5' phosphoamide linkages (Beaucage et al.. Tetrahedron 49(10):1925 (1992); Letsinger, J. Org. Chem., 35:3800 
(1 970); Sawai. Chem Lett 805 (1 984); Oligonudeotktes and Analogues: A Practical Approach, F. Eckstein, Ed. Oxford 
University Press (1 991 )). 



[0012] The modification of nucleic acids has been done for two general reasons: to create nonradioactive DNA 
markers to serve as probes, and to use chemicafly modified DNA to obtain site-specific cleavage. 
[0013] To this end, DNA may be labelled to serve as a probe by altering a nucleotide which then serves as a 
replacement analogue in the nick translatbnal resynthesis of double stranded DNA. The chemically altered 
nucleotides may then provide reactive sites for the attachment of immunological or other labels such as biotia 
(Gilliam et al.. Anal. Biochem 157:199 (1986)). Another example uses mthentum derivatives which intercalate into 
DNA to produce phototuminescence under defined conditions. (Friedman et al., J. Am. Chem. Soc. 11 2:4960 (1990)). 

5 [0014] In the second category, there are a number of examples of compounds covalently linked to DNA which 
subsequently cause DNA chain cleavage. For example 1,10-phenanthroline has been coupled to single-stranded 
ollgothymidylate via a linker which results in the cleavage of poly<IA oligonucleotides in the presence of Cu^ and 3> 
mercaptopropionic acid (Francois et al.. Biochemistry 27:2272 (1988)). Similar experiments have been done for 
EDTA^-Fe(ll) (both for double stranded DNA (Boutorin et al.. FEBS Lett. 172:43-46 (1986)) and triplex DNA 

iO (Strobel et al.. Science 249:73 (1990)), porphyrin-Fe(lll) (Le Doan et a)., Biochemistry 25:6735-6739 (1986)), and 
1,10-phenanthronine-Cu(l) (Chen et al., Proc. Natl. Acad. Sci USA, 83:7147 (1985)), which all result in DNA chain 
cleavage In the presence of a reducing agent tn aerated solutbns. A similar example using porphyrins resulted in 
DNA strand cleavage, and base oxklatbn or cross-linking of the DNA under very specific conditions (Le Doan et al., 
Nucleb Acids Res. 15:8643 (1987)). 

[0015] Other work has focused on chemfcal modiffcation of heterocyclic bases. For example, the attachment of an 
inorganic coordination complex, Fe-EDTA, to a modffied infernal base resulted in cleavage of the DNA after 
hybridization in the presence of dioxygen (Dreyer et al., Proc. Natl. Acad. Sci. USA 82:968 (1985)). A ruthenium 
compound has been coupled successfully to an internal base in a DNA octomer, with retention of both the DNA 
hybridization capabilities as weD as the spectroscopic properties of the ruthenium label (Telser et al., J. Ara 
Chem. Soc. 111:7221 (1989)). Other experiments have successfully added two separate spectroscopic labels to a 
2Q single double-stranded DNA molecule (Telser et al.. J. Am. Chem. Soc. 1 1 1 :7226 (1 989)). 

[0016] The study of electron transfer reactions in proteins and DNA has also been explored in pursuit of 
systems which are capable of long distance electron transfer. 

[0017] To this end, intramolecular electron transfer in protein-protein complexes, such as those found in 
photosynthelic proteins and proteins in the respiratfon pathway, has been shown to lake place over appreciable 
distances in protein Interiors at biologically signrficant rates (see Bowler et al.. Progress in Inorganic Chemistry. 

25 Bbinorganic Chemistry. Vol. 38, Ed. Stephen J. Lippard (1990). In additran, the selective modification of 
melalloenzymes with transition metals has been accomplished and techniques to monitor electron transfer in these 
systems developed. For example, electron transfer proteins such as cytochrome c have been modified with ruthenium 
through attachment at several histidines and the rate of electron transfer from the heme Fe^* to the bound 
Ru ^* measured. The results suggest that electron transfer "tunneP pathways may exist. (Baum, 

30 Chemical & Engineering News, February 22. 1993, pages 2023; see also Chang et aJ., J. Am. Chem. Soc. 1 13:7056 
(1991)). In related work, the normal protein insulation, which protects the redox centers of an enzyme or protein 
from nondiscriminatory reactions with the exterior solvent, was "wired" to transform these systems finom electrical 
insulators into electrical conductors (Heller, Acc. Chem. Res. 23:128 (1990)). 

[0018] There are a few reports of photolnduced electron transfer in a DNA matrix. In these systems, the 
electron donors, and acceptors are not cov^ntly attached to the DNA. but randomly associated with the DNA, thus 
rendering the explicit elucidation and control of the donor-acceptor system difficult. For example, the intense 
fluorescence of certain quaternary diazoaromatio salts is quenched upon bitercalation into DNA or upon exposure to 
Indivrdual mononucleotides, thus exhibiting electron donor processes within the DNA itself. (Bnjn et al., J. Am. 
Chem. Soc. 113:8153 (1991)). 

[0019] Another example of the diffrculty of determining the electron transfer mechanism is found In work done 
40 with some photoexcitable ruthenium compounds. Early work suggested that certain ruthenium compounds either 
randomly intercalate into the nucleotide bases, or bind to the helix surface. (Purugganan et al.. Science 241:1645 
(1988)). A recent reference indicates that certain ruthenium compounds do not intercalate into the DNA 
(Satyanarayana et aL, Biochemistry 31(39):9319 (1992)); rather, they bind non-covalently to the surface of the DNA 
.-• hefix. 

[0020] In these early experiments, various electron acceptor compounds, such as cobalt, chromium or rhodium 
compounds were added to certain DNA-associated ruthenium electron donor compounds. (Puragganan et al.. Science 
241:1645 (1988); Orellana el al., Photochem. Photobiol. 499:54 (1991); Brun et al., J. Am Chem. Soc.- 113:8153 
(1991); Davis, Cheru-Biol. Inleractwns 62:45 (1987^ Tomalia et al., Acc. Chem. Res., 24:332 (1991)> Upon addition 
of these various electron acceptor compounds, which randomly bind non-covalently to the helix, quenching of the 
photoexcited state through electron transfer was detected. The rate of quenching was dependent on both the 

50 individual electron donor and acceptor as well as their concentratbns, thus revealing the process as bimolecular. 

[0021] In one set of experiments, the authors postulate that the more mobile surface bound donor promotes'- 
electron transfer with greater efficiency than the intercalated species, and suggest that the sugar-phosphate 
backbone of DNA. and possibly the solvent medium surrounding the DNA, play a significant role in the electron 
transport. (Pumgganan et al.. Science 241:1645 (1988)). In other wori<. the authors stress the dependence of the 
rate on the mobility of the donor and acceptor and their k3cat concentrations, and assign the role of the DNA to be 

S5 primarOy to facilitate an increase in tocal concentration of the donor and acceptor species on the helix. (Orellana 



et al., supra). 

[0022] In another experiment, an electron donor was reportedly randomly intercalated Into the stack of bases of 
DNA. while the acceptor was randomly associated with the surface of the DNA. The rate of electron transfer quenching 
indicated a close contact of the donor and the acceptor, and the system also exhibits enhancement of the rate of 
electron transfer with the addition of salt to the medium. (Fromheiz et al., J. Am. Chem. Soc. 108:5361 (1986)). 
[0023] In all of these experiments, the rate of electron transfer for non-covalently bound donors and acceptors 
is several orders of magnitude less than is seen in free solution. 

5 [0024] An important stimulus for the development of long distance electron transfer systems is the creation of 
synthetb tight harvesting systems. Work to date suggests that an artificial light harvesting system contains an 
er^rgy transfer complex, an energy migration complex, an electron transfer complex and an electron migration complex 
(for a topical review of this area, see Chemical & Engineering News, March 15. 1993, pages 38-48). Two types of 
molecules have been tried: a) long organic molecules, such as hydrocarbons with covalently attached electron 
transfer species, or DNA. with intercalated, partially intercalated or helix associated electron transfer species, 

10 and b) synthetic polymers. 

[0025] The long organic molecules, while quite rgid, are influenced by a number of factors, which makes 
development difficult. These factors include the polarity and composition of the solvent, the orientatbn of the 
donor and acceptor groups, and the chemical character of either the covalenl linkage or the association of the 
electron transfer species to the molecule. 

[0026] The creation of acceptable polymer electron transfer systems has been difficult because the available 
polymers are too flexible, such that several modes of transfer occur. Polymers that are sufficfently rigid often 
significantly interfere with the electron transfer mechanism or are quite difficult to synthesize. 

[0027] Thus the devetopment of an electron transfer system which is sufficiently rigid, has covalently attached 
electron transfer species at defined intervals, is easy to synthesize and does not appreciably interfere with the 
electron transfer mechanism would be useful in the devetopment of artificial light harvesting systems. 

20 [0028] Long-range photoinduced electron transfer through a DNA helix is described in Science (1 993), 262, 1025. 
[0029] In conclusion, the random distribution and mobility of the electron donor and acceptor pairs, coupled 
with potential short distances between the donor and acceptor, the loose and presumably reversible association of 
the donors and acceptors, the reported dependence on solvent and broad putative electron pathways, and the 
dismptbn of the DNA stnjcture of intercalated compounds rendering normal base pairing impossible all serve as 

2g pronounced limrtatbns of long range electron transfer in a DNA matrix. Therefore, a method for the production of 
rigid, covalent attachment of electron donors and acceptors to provide minimal perturbations of the nucleic acid 
structure and retention of its ability to base pair normally, is desirable. The present invention serves to provide 
such a system, which allows the development of novel bioconductors and diagnostic probes. 

SUMMARY OF THE INVENTION 

30 

[0030] The present inventbn provides for the selective modification of nucleb acids at specific sites with 
redox active moieties such as transition metal complexes. An electron donor and/or electron acceptor moiety are 
covalently bound preferably along the ribose-phosphate backbone of the nucleic acid at predetermined positions. The 
resulting complexes represent a series of new derivatives that are biomolecular templates capable of transfemng 
electrons over very large distances at extremely fast rates. These complexes possess unique structural features 
which enable the use of an entirely new dass of bioconductors and diagnostic probes. 

[0031] In alt embodiments of the present invention an etectron donor moiety or an electron acceptor moiety is 
an electrode. 

[0032] Accordingly. K Is an object of the niventbn to provide a single stranded nucleic acid whbh has both 
an electron donor moiety and an electron acceptor moiety covalently attached thereto. These moieties are attached 
40 through the ribose phosphate or analogous backbone of the nudeb acid. The single stranded nucleb acid is cap^le 
of hybridizffig to a complementary target sequence in a single stranded nudefc acid, and tran^enring electrons 
between the doru>r and acceptor 

[0033] R Is a further object of the present inventbn to provide for a nucleb acid probe whbh can detect 
base^^air misnriatchea In this embodiment, the srigte stranded nudeb add wkh a covstfently attached electron donor 
and electron acceptor moiety is hybridized to a complementary target sequence In a single stranded nudeb stoid. 
When the regbn of hybridizatbn contains at least one base pair mismatch, the rate of electron transfer between the 
donor moiety and the acceptor nnoiely is decreased or eliminated, as compared to when there Is perfect 
complementarity between the probe and target sequence. 

[0034] It is an additbnal object of the present ffivention to provkie a comj^ex whbh contains a fflrsl single 
stranded nucleb acid with at least one electron donor nrx)iety and a second single stranded nudeb acid with at 
so least one electron acceptor mobty. As with the other embodinients of the present inventbn, the molelies are 
covalently linked to the ribose-phosphate backbone of the nudeb acids, 

[0035] In one aspect of the present inventbn. the first and second single stranded nucleb acids are capable 
of hybridizing to each other to form a double stranded nudeic acid, and of transfening electrons between the 
electron donor moiety and the etectron acceptor mobty. 

[0036] In another aspect of the present inventbn. a target sequence in a single stranded nudeb acid 
comprises at least first and second target domains, whbh are directly adjacent to one another. The first single 



stranded nucleic acid hybridizes to the first target domain and the second sinale stranded nuctefe arW Kwhrwi, 
to the second target domain, such that the first and second single *a™j^^nu*fc^1ds^^i!^nM^^ K 
^^^L^*"!^ ,'^""'""3 hybridlzatton complex is capable of transferri^ ^cSoS b^^J^ ^^"Tl^J^ 
and the electron acceptor moiety on the first and second nucleic acids "eiween me electron donor moiety 

[0037] In another aspect of the present invention, a target sequence in a sinale stranded nueipir ^ 
compr«es a first target domain, an intervening target domain, a second tarael d^tS^ STSh^^ 
domain compnses one or more nucleotides. The first and second single strTnd^nuden^Mshvb^ te^^^ 

' mmmw^Mm 

^5 10039] The present .nventbn also provides a method for making a single stranded nucteb acid contalninn 

^^^,,^z;^^,Sis.z^^r^."-^ ™>^"' 

[0040] Another aspect of the present invention provides a method of detecting a taraet seauence ThP mnthnw 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0041] 

Figure 3 illusfrales a series of amino-modified nucleoside pjecursors prior to hcoiporation into an oligonucteolide. 

Figures 4A and 4B depict the stnjcture of electron transfer moieUes. Figure 4A deoicts the aeneisl form-b of =, 
representative class of electron donors and acceptors. Figure 4Et deoicte T^^^^T^ i „T^^ 
electron transfer moletv usina bisbiouiriino 



electron transfer moiety using bisbipyridlne and imidazole as the ligands. 
DETAILED DESCRIPTION 



electron under certain experimental • conditions vy^t be able to accept an electron under different experimental 
conditions. Generally, electron transfer moieties contain transition metals as components, but not always. All 
embodiments of the present invention include an electron transfer moiety which is an electrode. 
[0044] The term "target sequence" or grammatical equivalents herein means a nucleic acid sequence on a single 
strand of nucleic acid. The target sequence may be a portion of a gene, a regulatory sequence, genomic DNA. n»RNA, 
or others. It may be any length, with the understanding that longer sequences are more specific. GeneraDy speaking, 
this lem will be understood by those skilled in the art. 

[0045] The probes of the present invention are designed to be complementary to the target sequence, such that 
hybridizatbn of the target sequence and the probes of the present invention occurs. As outlined below, this 
complementarity need not be perfect; there may be any number of base pair mismatches which will interfere with 
hybridization between the target sequence and the single stranded nucleic acids of the present inventioa However, 
if the number of mutatbns is so great that no hybridizatfon can occur under even the least stringent of hybridizatbn 
conditbns, the sequence is not a complementary target sequence. 

[0046] The terms Trst target domain" and "second target domain" or grammatical equivalents herein means two 
portions of a target sequence within a nucieic acid which is under examination. The first target domain may be 
directly adjacent to the second target domain, or the first and second target domains may be separated by an 
intervening target domain. The terms "first" and "second" are not meant to confer an orientatbn of the sequences 
with respect to the 5-3* orientation of the target sequence. For example, assuming a 5-3' orientatbn of the 
complementary target sequence, the first target domain may be located either 5' to the second domain, or 3* to the 
second domain. 

[0047] The present invention is directed, in part, to the site-selective modification of nucleic acids with 
redox active moieties such as transitbn metal complexes for the preparation of a new series of biomaterials capable 
of long distance electron transfer through a nucleic acid matrix. The present invention provides for the precise 
placement of electron transfer donor and acceptor moieties at predetermined sites on a single stranded or double 
stranded nucleic acid. In general, electron transfer between electron donor and acceptor moieties in a double 
helical nucleic acid does not occur at an appreciable rate unless nudeolkie base pairing exists in the sequertce 
between the electron donor and acceptor in the double helical structure. 

[0048] This differential in the rate of electron transfer forms the basis of a utility of the present invention 
for use as probes. In the system of the present invention, where electron transfer moieties are covalently bound to 
the backbone of a nucleic acid, the electrons putatively travel via the jrorbitals of the stacked base pairs of the 
double stranded nucleic acid. The electron transfer rate is dependent on several factors, including the distance 
between the electron donor-acceptor pair, the free energy (aG) of the reactbn, the reorganizatbn energy (X), the 
contribution of the intervening medium, the orientation and electronic coupling of the donor and acceptor pair, and 
the hydrogen bonding between the bases. The latter confers a dependence on the actual nucleic acid sequence, since 
A-T pairs contain one less hydrogen bond than C-G pairs. However, this sequence dependence is overshadowed by 
the determinatfon that there is a measurable difference between the rate of electron transfer within a DNA base-pair 
matrix, and the rate through the ribose-phosphate backbone, the solvent or other electron tunnels. This rate 
differential is thought to be at least several orders of magnitude, and may be as high as four orders of magnitude 
greater through the stacked nucleotide bases as compared to other electron transfer pathways. Thus the presence of 
double stranded nucleic acids, for example in gene probe assays, can be determined by comparing the rate of electron 
transfer for the unhybridized probe with the rate for hybridized probes. 

[0049] In one embodiment, (he present invenlbn provfcles for novel gene probes, whfch are useful in molecular 
biology and diagnostc medbine. In this emlx>diment, single stranded nudeb acids having a predetem^ned sequence 
and covalently attached electron donor and electron acceptor mobties are synthesized. The sequence is selected 
based upon a known target sequence, such that if hybridizatbn to a complementary target sequence occurs in the 
region between the electron donor and the electron acceptor, electron transfer proceeds at an appreciable and 
detectable rate. Thus, the present inventbn has broad general use, as a new form of labeOed gene probe. In 
additbn, since detectable electron transfer in unhybridized probes is not appreciable, the probes of the present 
invention allow detection of target sequences without the removal of unhybridized probe. Thus, the present inventbn 
Is uniquely suited to automated gene probe assays. 

[0050] The present inventbn also finds use as a unique methodology for the detectbn of mutatbns in target 
nucleb acid sequences. As a result, if a single stranded nucleb acid containing electron transfer moieties is 
hybridized to a target sequence with a mutatbn, the resulting perturtjatbn of the base pairing of the nudeotWes 
will measurably affect the electron transfer rate. This is the case if the mutation is a substitutbn. insertbn or 
deletbn. Accordingly, the present inventbn provides for the detectbn of mutations in target sequences. 
[0051] Thus, the present inventbn provides for extremely specifb and sensitive probes, whbh may, in some 
embodiments, detect target sequences without removal of unhybridized probe. This will be useful in the generatbn of 
automated gene probe assays. 

[0052] In an alternate embodiment double stranded nudeic acids have covalently attached electron donor and 
electron acceptor moieties on opposite strands. Such nucleb acids are useful to detect successful gene 
amplificatbn in polymerase chain reactions (PGR). For example, if one of the two PGR primers contains a 5* 
terminally attached electron donor, and the other contains a 5* terminally attached electron acceptor, several 
rounds of PGR will generate doubly labeled double stranded fragments (occasionally refen-ed to as "amplicons"). 
After appropriate photoinductbn, the detection of electron transfer provides an indbation of the successful 



amplification of the target sequence as compared to when no amplifcation occurs. A particular advantage of the 
present inventbn is that the separation of the single stranded primers from the amplified double stranded DNA is 
not necessary, as outlined above for probe sequences which contain electron transfer nnoieties. 

[0053] In another embodiment the present invention provides for double stranded nucleic acids with covalently 
attached electron donor and electron acceptor moieties to serve as bioconductors or ''molecular wire". The electron 
transport may occur over distances up to and in excess of 28A per electron donor and acceptor pair. In addition, the 
rate of electron transfer is very fast, even though dependent on the distance between the electron donor and 
acceptor moieties. By modifying the nucleic acid in regular intervals with electron donor and/or electron acceptor 
moieties, it may be possible to transport electrons over long distances, thus creating bioconductors. These 
bioconductors are useful in a large number of applications, including traditional applicalbns for conductors such 
as mediators for electrochemical reactions and processes. 

[0054] In addition, these bioconductors may be useful as probes for photosynthesis reactbns as well as in the 
construction of synthetic light harvesting systems. The current models for the electron transfer component of an 
artificial light harvesting system have several problems, as outlined above, including a dependence on solvent 
polarity and composition, and a lack of sufficient rigidity without arduous synthesis. Thus the present inventbn is 
useful as both a novel form of bioconduclor as well as a novel gene probe. 

[0055] In additbn, the present invention provides a novel method for the site specific addition to the ribose- 
phosphate backbone of a nucleic acid of electron dorK}r and electron acceptor n:x>leties (o a previously modified 

nucleotide. 

[0056] In one emt>odiment. the electron donor and acceptor moieties are added to the 3' and/or 5' termini of the 
nucleic acid. In alternative embodiments, the electron donor and acceptor moieties are added to the backbone of one 
or more internal nucleotides, that is. any nucleotide which is not the 3* or 5' terminal nucleotide. In a further 
enribodiment. the electron donor and acceptor moieties are added to the backbone of both interna) and terminal 
nucleotides. 

[0057] In a preferred embodiment, the transitbn metal electron transfer moieties are added through a procedure 
which utilizes modified nucleotides, preferably amino-modified nucleotides. In this embodiment, the electron 
tranter moieties are added to the sugar phosphate backbone through the nitrogen group in phosphoramide linkages. 
The modified nucleotides are then used to site-specificafly add a transitbn metal electron transfer nrioiety, either 
to the 3' or 5* termini of the nucleic acid, or to any internal nucleotide. 

[0058] Molecular mechanics calculatbns indbate that perturbations due to the modification of the terminal 
nucleotides of nucleb acids are minimal and Watson-Crick base pairing is not disrupted (unpublished data using 
Biograf frorr^ Molecular Simulatbns Inc.. San Diego, CA). Accordingly, in one embodiment, modified nucleotides are 
used to add an electron transfer moiety to the 5' terminus of a nucleb acid. In this embodiment, the 2' position of 
the ribose of the deoxyribo- or ribonudeoside is modified prior to the addition of the electron transfer species, 
leaving the 3' position of the ribose unmodified for subsequent chain attachment. In a preferred embodiment, an 
amino group is added to the 2* carbon of the sugar using established chemical techniques. (Imazawa et ai., J. Org. 
Chem., 44:2039 (1979); Hobbs et al., J. Org. Chem. 42(4):714 (1977); Verheyden et al. J. Org. Chem. 36(2):250 
(1971)). 

[0059] Once the modified nucleotides are prepared, protected and activated, they may be incorporated Into a 
growing oligonucleotide by standard synthetb techniques (Gait, Oligonucleotide Synthesis: A Practbal Approach, IRL 
Press, Oxford, UK 1984; Eckstein) as the 5* terminal nucleotbe. This method therefore allows the additbn of a 
transitbn metal electron transfer moiety to the 5' terminus of a nucleic acid. 

[0060] In an alternath/e embodiment, the 3' terminal nucleoside is modified in order to add a Iransilbn metal 
electron transfer moiety In this embodiment, the 3* nucleoside is modified at either the 2' or . 3' carbon of the 
nljose sugar. In a prefen-ed embodiment, an amino group is added to the 2* or 3* carbon of the sugar using 
established chembal techniques (Imazawa el al., J. Org. Chem., 44:2039 (1979); Hobbs el al.. J. Org. Chem. 42(4) 
:714 (1977); Verheyden el al. J. Org. Chem. 36(2):250 (1971)). 

[0061] The above procedures are applbable to both DNA and RNA derivatives as shown in figure 3. 

[0062] The amino-modrfied nucleotides made as described above are converted to the 2' or 3* modified nucleotide 

triphosphate form using standard bfochemfcal methods (Fraser et al., Proc. Natl. Acad. Sci. USA. 4:2671 {1973}). One 

or more modified nucleoskles are then attached at the 3* end using standard molecular bbbgy techniques such as 

with the use of the enzyme DNA polymerase I or tennlnal deoxynudeotidyltransferase (Ratliff, Terminal 

deoxynucleotidyltransferase. In The Enzymes, Vol 14A P.D. Boyer ed. pp 105-118. Academb Press. San Dfego. CA. 

1981). 

[0063] In otber embodiments, the transitbn metal electron transfer moiety or moieties are added to the middle 
of the nucleb acid, i.e. to an internal nucleotide. This may be accomplished in three ways. 

[0064] In a prefen-ed embodiment, an oligonucleotide Is amino-modified at the 5* terminus as described above. 
In this embodiment, oligonucleotide synthesis simply extends the 5* end from the amino-modified nucleotide using 
standard techniques. This results In an internally amino modifed oligonucleotide. 

[0065] In an alternate embodiment, electron transfer moieties are added to the backbone ait a site other than 
ribose. For example, phosphoramide rather than phosphodiester linkages can be used as the site for transitbn metal 
modfficatbn. These transition metals serve as the donors and acceptors for electron transfer reactbns. Whie 
structural deviatbns from native phosphodiester linkages do occur and have been studied using CD and NMR (Heller, 
Acc. Chem; Res. 23:128 (1990); Schuhmann et al. J. Am. Chem. Soc. 113:1394 (1991)X the phosphoramWite 



intemudeotkle link has been reported to bind to complementary polynucleotides and Is stable (Beaucage et al., 
supra, and references therein; Letsinger, supra; Sawal, supra; Jager, Biochemistry 27:7237 (1988)). In this 
embodiment, dinr^rs of nucleotides are created with phosphoramide linkages at either the 2'-5* or 3-5* positions. A 
prefen-ed embodin^nt util'izes the 3'-5' position for the phosphoramide linkage, such that structural disruption of the 
subsequent Watson-Crick basepairing is minimized. These dimer units are incorporated into a growing oligonucleotide 
chain, as above, at defined intervals, as outlined below. 

[0066] It should be noted that when using the above techniques for the modificatbn of internal residues it is 
g possible to create a nucleic acid that has an electron transfer species on the next-to-last 3' terming nucleotide, 
thus eliminating the need for the extra steps required to produce the 3' terminally labelled nucleotide. 
[0067] In a further embodiment for the modification of internal residues. 2' or 3' modified nucleoside 
triphosphates are generated using the techniques descrtoed above for the 3' nucleotide modification. The modified 
nucleosides are inserted internally Into nucleic acid using standard molecular biological techniques for labelling 
DNA and RNA. Enzymes used for said labelling Include DNA polymerases such as polymerase I. T4 DNA polymerase, 
10 T7 DNA polymerase, Taq DNA polymerase, reverse transcriptase and RNA polymerases such as E. coli RNA 
polymerase or the RNA polymerases from phages SP6, T7 or T3 (Short Protocols in Molecular Biology. 1992. Ausubel 
etal. Ed. pp 3.1 1-3.30). 

[0068] In a preferred embodiment, the electron donor and acceptor moieties are attached to the modified 
nucleotide by methods which utSize a unique protective hybridization step. In this embodiment, the modified single 
strand nucleic acid is hybridized to an unmodified complementary sequence. This blocks the sites on the heterocyclic 
bases that are susceptible to attack by the transition metal electron transfer species. The exposed amine or other 
ligand at the 2* or 3* position of the ribose. the phosphoramide linkages, or the other linkages useful in the 
present invention, are readily modified with a variety of transition metal complexes with techniques readily known in 
the art (see for example Millet et al. In Metals in Biologfcal Systems, Sigel et al. Ed. Vol. 27, pp 223-264. 
Marcell Dekker Inc. New York, 1991 and Durham, et al. in ACS Advances in Chemistry Series. Johnson et al. Eds., Vol! 
20 226. pp 180-193, American Chemfcal Society. Washington D.C.; and Meade et al., J. Am. Chem. Soc. 111:4353 
(1989)). After successful addition of the desired metal complex, the nrodified duplex nuclei acid is separated into 
single strands using techniques well known In the art. 

[0069] In a prefen^ embodiment, single stranded nuciek: ackls are made which contain one electron donor 
moiety and one electron acceptor moiety. The electron donor and electron acceptor moieties may be attached at either 
the 5* or 3* end of the single stranded nuciek: ackJ. Alternatively, the electron transfer moieties may be attached 
to Internal nucleotides, or one to an Internal nucleotide and one to a terminal nucleotWe. It should be understood 
that the orientatbn of the electron transfer species with respect to the 5*-3' orientatbn of the nuclec acid is 
not determinative. Thus, as outlined in Figure 1. any combinatron of internal and terminal nucleotides may be 
utilized in this embodiment. 

[0070] In an alternate preferred embodiment, single stranded nuciefc ackls with at least one electron donor 
30 moiety and at least one electron acceptor moiety are used to detect mutations in a complementary target sequence. A 
mutatran, whether it be a substltutbn, Insertion or detetk>n of a nudeotWe or nudeotkies, results in incon^ct 
base pairing in a hybridized double helix of nucleic acid. Accordingly, if the path of an electron from an electron 
donor moiety to an electron acceptor moiety spans the region where the mismatch Ifes, the electron transfer will be 
eliminated or reduced such that a change in. the . relative rate will be seen. Therefore, in this embodiment, the 
electron donor moiety is attached to the nudefc add at a 5* positbn firom the mutatwn, and the electron acceptor 
35 moiety is attached at a 3' position, or vice versa. 

[0071] In this embodiment it b also possible to use an additional label on the modified single stranded 
nucleic acid to detect hybridization where there is one or more mismatches. If the complementary target nucleic acid 
contains a mutation, electron transfer is reduced or eliminated. To act as a control, the modified single stranded 
nucleic acid may be radio- or fluorescently labeled, such that hybridization to the target sequence may be detected, 
according to Iraditbnal molecular biology technkjues. This allows for the determination that the target sequence 
exists but contains a substltutbn, insertbn or deletbn of one or more nudeotkies. Alternatively, single stranded 
nucleb ac^ds .wilh at least one electron donor rnoiety and one electron acceptor moiety whfcli hybridize to regfons 
with exact matches can be used as a controls for the presence of the target sequence. 

[0072] It is to be understood that the rate of electron transfer through a double stranded nucleb acid helix 
depends on the nucleotkle distance between the electron donor and acceptor moieties. Longer distances wHI have 
45 slower rates, and consberatbn of the rates will be a parameter in the design of probes and bbconductors. Thus, 
while it is possible to measure rates for distances in excess of 100 nucleotides, a preferred embodiment has the 
electron donor moiety and the electron acceptor moiety separated by at least 3 and no more than 100 nudeolides. 
More preferably the moieties are separated by 8 to 64 nudeotides, with 15 being the most preferred distance. 
[0073] In additbn, it should be noted that certain distances may allow the utilization of different detectbn 
systems. For example, the sensitivity of some detectbn systems may allow the detectbn of extremely fast rates; 
i.e. the electron transfer moieties may be very close together. Other detectbn systems may require slightly sbwer 
rates, and thus allow the electron transfer moieties to be farther apart. 

[0074] In an alternate embodiment, a single stranded nudeb acb is modified with more than one electron donor 
or acceptor moiety. For example, to increase the signal obtained firom these probes, or decrease the required 
detector sensitivity, multiple sets of electron donor-acceptor pairs may be used. 
55 [0075] As outlined above, in some embodiments different electron transfer moieties are added to a single 
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carried on either strand, and in any orientation. For example, one strand may cany only electron donors, and the 
other only electron acceptors or both strands may carry both. 

[0086] In one embodiment, the double stranded nucleic acid may have different electron transfer moieties 
covalently attached in a fixed orientation, to facilEate the long range transfer of electrons. This type of system 
lakes advantage of the fact that electron transfer species may act as both electron donors and acceptors deperxiing 
on ther oxidative stale. Thus, an electron donor moiety, after the loss of an electron, may act as an electron 
acceptor, and vice versa. Thus, electron transfer moieties may be sequentially oriented on either strand of the 

5 double stranded nucleic acid such that directional transfer of an electron over very long distances may t>e 
accomplished. For example, a double stranded nudeic acid could contain a single electron dorror moiety at one end 
and electron acceptor nxjieties. of the same or different composition, throughout the molecule. A cascade effect of 
electron transfer could be accomplished in this manner, which may result in extremely long range transfer of electrons. 
[0087] The choice of the specific electron donor and acceptor pairs will be influenced by the type of electron 
transfer measurement used; for a review, see Winkler et al., Chem. Rev. 92:369-379 (1992). When a long-lived excited 

10 state can be prepared on one of the redox sites, direct measurement of the electron transfer rate after 
photoinduction can be measured, using for example the flash-quench method of Chang et al., J. Amer. Chem. Soc. 
113:7057 (1991). In this prefen^ed embodiment, the excited redox site, being both a better acceptor and donor than 
the ground-state species, can transfer electrons to or from the redox partner. An advantage of this method is that 
two electron transfer rates may be measured: the photoinduced electron transfer rates and thermal electron-hole 
recombination reactions Thus differential rates may be measured for hybridized nucleic acids with perfect 
complementarity and nucleic acids with mismatches. 

[0088] In alternative embodiments, neither redox site has a long lived excited state, and electron transfer 
measurements depend upon bimolecular generation of a kinetic intermediate. For a review, see Winkler et al., supra. 
This intermediate then relaxes to the thermodynamic product via intramolecular electron transfer using a quencher, 
as seen bebw. 

20 D-A + hv->D-A' 

D-A' + Q^D-A* + Q- 

D-A* D*-A 
D*-A + Q-^D-A + Q 

25 

[0089] The upper limit of measurable intramolecular electron transfer rates using this method is about 10"* per 
second. 

[0090] Alternative embodiments use the pulse-radiclytic generation of reducing or oxidizing radicals, which 

inject electrons into a donor or remove electrons from a donor, as reviewed in Winkler et al., supra. 

[0091] Electron transfer will be initiated using electrical, electrochemical, photon (including laser) or 

30 chemical activation of the electron transfer moieties. These events are detected by changes in transient absorption 
or by fluorescence or phosphorescence or chemiluminescence of the electron transfer moieties. 
[0092] In the preferred embodiment, electron transfer occurs after photoinduction with a laser. In this 
embodiment, electron donor moieties may, after donating an electron, serve as electron acceptors under certain 
circumstances. Similarly, electron acceptor moieties may serve as electron donors under certain circumstances. 

35 [0093] In a prefen^ed embodinr^nt, DNA is modified by the addition of electron donor and electron acceptor 
moieties. In an alternative emt)odlment, RNA is modified In a further embodiment, a double stranded nucleic acid for 
use as a bioconductor will contain some deoxyribose nucleotides, some ribose nucleotides, and a mixture of 
adenosine, thymidine, cytosine. guanine and uracil bases. 

[0094] In accordance with a further aspect of the invention, the preferred formulations for donors and 
acceptors will possess a transition metal covalently attached to a series of ligands and further covalenlly attached 
40 to an amine group as part of the ribose ring (2* or 3' position) or to a nitrogen or sulfur atom as part of a 
nucleotide dimer linked by a peptide bond, phosphoramidate bond, phosphorothbate bond, phosphorodilhbate bond 
or O-methyl phosphoramidate bond. 

[0095] A general formula Is representative of a class of donors and acceptors that may be employed Is shown in 
figure 4A. In this figure, M may be Cd, Mg. Cu. Co, Pd, Zn. Fe. Ru with the most prefen^d being mthenium. The 
45 groups R\ R^, R^ R^ and R^ may be any coordinating ligand that is capable of covalently binding to the chosen 
metal and may include ligands such as NH3, pyridine, isonicotinamide, imidazole, bipyridine, and substituted 
derivative of bipyridine, phenanlhrolines and substituted derivatives of phenanthrolines, porphyrins and substituted 
derivatives of the porphyrin family. The stmcture of a mthenium electron transfer species using bisbipyridine and 
imidazole as the ligands is shown in figure 4B, Spectfic examples of useful electron transfer cornplexes include, but 
are not limited to, those shown in Table 1. 
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TABLE 1 



Donors 


Acceptors 


(bpy)2im-NH2-U 
Ru (bpy)2BTvNH2-U 


Ru(NH3)s-NH2-U 
Ru (NHgJtipy^NHj-U 



Donors 


Acceptors 


Ru (bpy)2lm.NH2-U 


Ru (NH3)4im-NH2-U 



Where: 

Ru = ruthenium 
bpy = bisblpyndlne 
im = imidazole 
py = pyridine 



[0096] It Is to be understood that the number of possible electron donor moiAtk^ i»r.rt oio^fr«^ 
10097] One of the electron transfer moieties is an electrode. When the other electmn i^ncfor i - 

Kucteic'"acTb ^ST'o '^'?w""^'"'f !f"" """^^ ^ P™^«^ P^e^°"sly- For example 



EXAMPLES 



Example 1 

SYnttWglg Pf OliqOnUCleoHflft ntlPtex wllh FlpH^n T^nrf^r Mni^^l^o at the g Tprmin. 



step 1: Synthesis of 5'Kli(p-methoxyphenyl)n(»thylether-2Htrifluoroacetat^^ 



[0104] 2'-(lnfiuoroacetamido>2*-deoxyuridine (2.0 g, 5.9 mmoles) prepared by minor modification of published 
procedures (Imazawa. supra) was repeatedly dissolved in a minimum of very dry CH3CN and rotary evaporated to 
dryness and then transferred to inert atmosphere vacuum line and further dried for a period of 1 hour. The following 
procedure for the synthesis of the material was adapted from Gait (supra): Under positive pressure argon, the 
material was dissolved in freshly dried and distilled pyridine and with stining, 0.05 equivalents (wt.) of 4- 
dimethyiaminopyridine (DMAP)» 1.5 equivalents of triethylamine (TEA) and 1.2 equivalents of 4,4'-dimethoxytrityl 

5 chloride (DMTr-CI) were added to the reactbn mixture. The progress of the reaction was monitored by sSica gel TLC 
(98:2 methylene chloride: methanol, mobile phase). After 30 minutes, an additional 0.5 equivalents each of DMTr-CI 
and TEA were added and the reaction allowed to proceed for an additional three hours. To this reaction mixture was 
added an equal volume of water and the solutbn extracted several times with diethyl ether. The ether layers were 
rotary evaporated to dryness, redissolved in a minimum amount of methylene chloride and purified by flash 
chromatography (99:1 methylene chloride: methanol, mobile phase) , to obtain the 5-di(p-methoxyphenyl)methyfether- 

10 2 -(trinuoroacetamido)-2 -deoxyuridine product. 

Step 2: 5 -2*-aminouridine-GCTACGA and 5 -2 -aminouridlne-CGTAGCA 

(0105] 5'-di(p-methoxyphenyl)methyl ether-2-(trifluoroacetamido>2'-deoxyurldine was dried under reduced 

pressure (glass) and dissolved in freshly dried and distilled CH3CN and placed in a specially made conical vial and 
placed on an ABI DNA synthesizer. The program for the preparation of standard (le. unmodified) oligonucleotides was 
altered during the final base (amino-modified) addition to a 15-30 minute coupling time. The oligonucleotide was 
cleaved from the column by standard procedures and purified by C-18 reverse phase HPLC. In this manner 5'-2'- 
aminouridine-GCTACGA and 5-2'-aminouridine-CGTAGCA were prepared. In addition, unmodifjed complementary 
strands to both products were made for use in the electron transfer moiety synttiesis below. 

20 

Step 3: 5-2 -njthenium bisbipyridineimidazoleaminouridir>e-GCTAGGA 

[0106] 5'-2'-aminouridine GCTACGA produced in the previous step was annealed to the complementary 
unmodified strand using standard techniques. All manipulations of the annealed duplex, prior to the additbn of the 
transitbn metal complex were handled at 4'C. In order to insure that the DNA remaried annealed during modification, 
the reactbns were performed in 1M salt. The 5 -amino modified duplex DNA was dissolved in 0.2 M HEPES. 0.8 M 
NaCI, pH 6.8 and repeatedly evacuated on a Schlenk line. Prevbusly prepared ruthenium bisbipyridine carbonate was 
dissolved in the above buffer and oxygen was removed by repeated evacuation and purging with argon via a Schlenk 
line. The ruthenium complex was Iransfen-ed to the DNA solution via cannulatbn (argonA/acuum) and the reactbn 
allowed to proceed under positive pressure argon with stlntig for 24 hours. To this reactbn. 50 equivalents of 

30 imidazole was added to the flask and the reactbn allowed to proceed for an additbnal 24 hours. The reactbn 
mixture was removed from the vacuum line and applied to a PO-10 gel filtratbn column and eluted with water to 
remove excess ruthenium complex. The volume of the collected fractions was reduced to dryness via a speed vac and 
the solid taken up in 0.1 M triethylamnrranium acetate (TEAC) pH 6.0. The duplex DNA was heated to 60'C for 15 
minutes with 50% formanrade to denature the duplex The single stranded DNA was purified using a C-1.8 reverse phase 
HPLC column equiped with a dbde array detector and employ a gradient from 3% to 35% acetonitrile m 0.1 M 

35 TEAC, pH 6.0. 

Step 4: 5'-2'-ruthenium tetraminepyridineaminouridine-CGTAGCA 

[0107] 5-aminouridine-CGTAGCA (O-Spm) was dissolved in 0.2 M HEPES, 0.8 M NaCI buffer. pH 6.8 and 
degassed on the vacuum line. To a 10 ml conical shaped flask equipped with a stirring bar and septum was slurried 
Ru(lll) tetraamlnepyridine chloride (10 pm), 'm the same buffer. In a separate flask, Zn/Hg amalgam was prepared and 
dried under reduced pressure and the ruthenium(lil) solutbn transferred (via cannulatlon) to the Zn/Hg amalgam. The 
immediate formatbn of a clear yellow solution {x^^ = 406 nm) indbated that the reduced form of the ruthenium had 
. been achieved and the reactbn allowed to proceed for 30 minutes. This solutbn was transfen^ed to the flask 
containing the amino-modified DNA and the reactbn allowed to proceed at room temperature for 24 hours under argon. 
^5 The reactbn mixture was removed from the vacuum line and a 50 fokl excess of cobalt EDTA (Kirschner. Inorganic 
Synthesis (1957), pp 186) added to the solutbn. The solution was applbd to Sephadex G-25 gel filtratbn column to 
remove excess ruthenium complex and further purified by reverse phase HPLC as described above. The two mthenrum 
modified nudeotbes were annealed by standard techniques and characterized (see Example 5). 

Example 2 

Synthesis of Long DNA Duplexes with Electron Transfer Moieties at the 5* Termini 

[0108] In this example, an in vitro DNA amplificatbn technique. PGR (reviewed in Abramson et al., Cun*. Op. in 
Biotech. 4:41-47 (1993)) is used to generate modified duplex DNA by polymerization of nucleotides off modified 
55 primer strands (Salki et al.. Science 239:487 (1988)). Two oligonucleotbes 18 bases in length and not complementary 



Standard chemistry. Each of the PGR templates sha^sT^ i^.^ S ? ^ ^ chemically synthesized using 

18mers are mixed in 1 of aXts Sulfon ^TJ^L ^T^'^f' nanomoles of each of .he two modified 
triphosphates at 0.2 M each. M J (^^ iStM TrSS^H^8 8 ^ m°VT*', <'«>xyrlbonucleoside 
bovine sea,ma.bumin. One femlomole of he tem^llt^^^^- ba^ ^^.^ftl'^^ ^ -9'-' 

heated at 94-C for one minute for denaturation two Sesal for The sample is 

extension. Th« cycle is repeated 30 times using an autoS fh^ ^ "^'""'^^ ^^'^ for 

y^oLg. J^troTSS^S^^^T.^^^^ - ->^^ 'er-^ni ar. pur.^ by 

Example 3 

synthesis pfO^valeotly Round FMron Transfer MoiP li es at lnt ernu.|pn.H..ip .,^.^ 

Klna. g/our^i^SedlrtSsettel^^^^^^ """^r are emptoy^. 

electmn transfer moieti^ ThesT dtS Eut^f^e S ^. '^'^ attachment ofTe 

the siiithesis of Boc prot^,^ pZSuZ^^s!^lrT}^ T P«'<=«'ures (See Engholm. supra), with 

prepared empio^ng M^errifeldl 's^^^lTZot^ i^.^"Sl^^T2^1^Ulr T ^ 

protocol wrth 0.1 M of the Ihiminyl monomer in 30% (vlwMFTn^ a jhfr^ "^"^.-^ "'"P"^ 

quantlath/e ninhydrin analysis (Sa^in Anal Bbchem 1 7 147 mSSu'th '^^ of' ^ '^'^ ^ 
appropriate transition metrcomplex ks o^nneS in e^^^^^^ ^""^ '^'"^ "^^ with an 

KplsphoramL^'gtr?^u^X°S^^^^^ X^s ^"d^^' .T"^' ^ 

slight modification (the procedures are halSd ate the a^^^^^ " procedures with only 

Cleaved to obtain a dinucleolide ptosphoram^aterA t^ic^^^^^^^ ° ^^"^ ^"^ ^"PP'"^ ^ 'hen 

isobutjtoxycarbony.lhymidyl-(3^5>5.aZo 5"^^^^^^^^^ Si OraTh'^^ °' ^'Tk^ °' ''^ 

are substituted for standard oligonucleotides at ctosen nfpivtfJ n^^nn^ t ^ f""- f P'^^' ^'^ 

Example 4 

Sl^SningsSiueJcrKCnu^STafa:,:^^^^^^^^ ^^'^ without 

the other f^ari election ^p^^^^w Z^t^ Z^^ , ,^^^^^""^ ^"^^^ '° '^'^ ^' '^'""^ ^ 
transfer species am attached X a '° "it J '^J""^' ^'<^"'P'«- 'he electron 

methodsTan be used tol^iTa^y rfl^TnC^Sdf s in L^'^n^'"^ "i-ilf ""''erstand the present 

procedure is not limited to *e gSfo^of^Ss but tf^M i^T """^ '^^ "'^ 
varying lengths a«««ion or o-mers. but is useful m the generatron of oligonucleotide probes of 

5l!?and in'S:^^ Sa^to a'Sf si>uS Hit "l"^ ^T^^'^^ "°' --P-^-ntary ,0 each 
of Example 1 is not do^^Slte t^'^^ijrXI"^^^^^^ '^^ ""^ ^""^^""9 ^ep of step 4. 

resulting wmplexischaractSasrESiS^f ^"^^^^ 'he target sequence, and the 

Example 5 ^ 

Characterizatbn of Mat^mt ^d Nudeir An fHg 

Enzymatic dfaestion 

101181 The modified olfgonodeolides of example 1 were subjected to enzymatic d«estion using established 



protocols and converted to their constituent nucleosides by sequential reaction with phosphodiesterase and alkaline 
phosphatase. By comparison of the experimentally obtained integrated HPLC proffles and UV-vis spectra of the 
digested oligonucleotides to standards (including 2-aminouridine and 2'-aminoadenine), the presence of the amino- 
modified base at (he predicted retention time and characteristic UV-vis spectra was confirmed. An identical 
procedure was canried out on the transition metal modified duplex DNA and assignments of constituent nucleosides 
demonstrated single-site modification at the predicted site. 

^ Fluorescent labeled amino-modifed oligonucleotides 

[0119] It has been demonstrated that the fluorochrome, fluorescein isothiocyanate (FITC) is specific for 
labeling primary amines on nxjdified oligonucleotides while not bonding to amines or amides present on nucleotide 
bases (Haugland. Handbood of Fluorescent Probes and Research Chemicals, 5th Edition, (1992)). This reaction was 
carried out using the amino-oligonucleotide synthesized as described in example 1 and on an identical bases sequence 
10 without the 2'-amino-rbose group present. Fluorescence spectroscopic measurements were acquired on both these 
oligonucleotides and the results confirm the presence of the amine on the 5 -terminal ribose ring. 

Thermodynamic Melting Curves of Modified Duplex DNA 

[0120] A well established technique for measuring thermodynamic parameters of duplex DNA is the acquisition of 
DNA melting curves. A series of melting curves as a function of concentratbn of the modified duplex DNA was 
measured via temperatufe controBed UV-vis (Hewlett-Packard), using techniques well known in the art. These results 
confirm that hybridization of the amino-modified and transilbn metal modified DNA had taken place. In addition, the 
results indicate that the modified DNA form a stable duplex comparable to the stability of unniodified 
ollgonucleolide standards. 

20 

Two Dimensional Nuclea^ Magnetic Resonance (NMR) Spectnpscopy 

[0121] The amino-modified oligonucleotides synthesized as a part of this work were prepared in sufficient 
quantities (6 micromoles) to permit the assignment of the proton NMR spectra using a 600MHz Varian NMR 
spectrometer. 

Measurement of the rate of el ectron transfer 

[0122] An excellent review of the measurement techniques is found in Winkler et al.. Chem. Rev. 92:369-379 
(1992). The donor is Ru(bpy)2(NHuridine)im, E^--1 V, and the acceptor is Ru(NH3)4py(NHuridine)im. E°-^330 mV. The 

30 purified transition metal modified oligonucleotides (UNHRu(bpy)2im<^CATCGA and UNHRu(NH3)4(py)tmCGATGCA were 
annealed by heating an equal molar mixture of the oligonucleotides (30 pnnolar 60 nmoles of DNA in 2 ml buffer) in 
pH 6.8 (1 00 mM NaPi, 900 mM NaCI) to 60*C for 1 0 minutes and slowly cooling to room temperature over a period of 4 
hours. The solution was Iransfen-ed to an inert atmosphere cuvette equipped with adapters for attachment to a vacuum 
line and a magnetic stirring bar. The solutbn was degassed several times and the sealed apparatus refilled 

35 repeatedly with Ar gas. 

[0123] The entire apparatus was inserted into a cuvette hoWer as part of the set-up using the XeCl excimer- 
pumped dye laser and data acquired at several wavelengths including 360, 410, 460 and 480 nm. The photoinduced 
electron transfer rate Is 1 .6 X 10' s"^ over a distance of 28 A. 

Claims 

1. A composition comprising first and second electron transfer moieties, wherein one of said first or second 
nxjieties is an electron donor moiety and the other of said first and second electron transfer moieties is an 
electron acceptor PDoiety, wherein the frst moiety is an electrode attached to a nudeic acid strand, and 
wherein the second moiety Is covalently attached to said nucleic acid strand. 

^ 2. A composition comprising first and second electron transfer moieties, wherein one of said first or second 
moieties is an electron donor moiety and the other of said first and second electron transfer nrwieties is an 
electron acceptor moiety, wherein the first moiety is an electrode attached to a first nucleic acW strand, and 
wherein the second moiety is covalently attached to a second nucleic acid strand: 

50 3. A composition according to claim 2 wherein the first and second nucleic acid strands are able to hybridise to 
respective adjacent first and second target domains within a target sequence in a third nucleic acid: 

4. A composition according to claim 2 wherein the first and second nudeic acid strands are able to hybridise to 
each other. 



5. A composition according to any of claims 1 to 4 wherein a. said nucleic acid strand comprises a ribose-phosphate 



backbone. 

o?ar^^£«lS?hUt ba^r ^ ^ "^^^^ ""^ ^ "'^ ^ - ^' P-^" 

7. A composition according to any of claims 1 to 6 wherein a said nucleic acid strand comprises a nucleic acid analog. 

8. A composition according to daim 7 wherein said nucleic acid analog comprises a peptide nucleic acid, 
ciom^^^^"" '^"'^ ^ °' claims 1 to 8 wherein a said electron transfer moiety is a translion metal 

10. A method of detecting a target sequence in a nucleic acid sample comprising: 

^IS^Sra^S'rid^to^n ^S^r'"" " °' "^"^ ^ '° ' '° ^ " 

(b) detecting electron transfer between said electron donor and said eleclron acceptor moieties. 

^^'r^!^A '^^^^ ^ sequence in a nucleic acid sample wherein said target sequence comprises a 
first target domau, and a second target domain adjacent to said first target domain, wh^ saidU^d^m^ 

(a) hybridising a said firsJ nucleic acid strand of a composition according to daim 3 to said fkst taiget domain; 
?J^^.^ "^"^ "^'^ acid strand of a composition according to daim 3 to said second 

S^^^Sic'Sra^"s'^^' ^ "^"^ "^'^'^^ °f "'^t ^ 

"^"^^ '° ""^^^ ^ ^ ^'""^^ 'igated prior to said 

13. A method of delecting a target sequence in a nudeic acid sample comprising: 

(a) hybridising a said first nudeic acid strand of a composition according to claim 4 to a target seauence 
within a-said second nudeic acid str^ofacomposilbna«»,ding.todaim4: and sequence 

£i»'SC?aSTtrand?" ^ ^ ^ 

14. A method of making a composilfon accord&ig to claim 1 comprising: 

(a) incorporaUng a first modified nucleotide into a nucleic acid strand; 

mJ^Kf ^ ""^^ ^ complementary nudefc acid strand to fomi double stranded 

(c) attaching an electron transfer moiety via said first modified nucleotide; 

(d) separating the modified nucleic acid strand from the complementary unmodified nudeic acid strand; 

(e) attaching said nudeic acid strand to an electrode. 

15. A method of making a composition according to claim 2 comprising: 

(a) attaching a first nucleic ackJ strand to an electrode; 

(b) incorporattfig a first modified nudeolide into a second nucleic acid strand; 



(c) hybridising said second nucleic acid strand with a complementary nucleic acid strand to form double 
stranded nucleic acid; 

(d) attaching an electron transfer moiety via said first modified nucleotide. 

(e) separcding said modified second nucleic acid strand from the complementary unmodified nucleic acid 
strand. 

5 

16. A method according to claim 15 wherein the first and second nucleic acid strands are able to hybridise to 
respective adjacent first and second target domains within a target sequence in a third nucleic acid. 

17. A method according to claim 15 or claim 16 wherein the first and second nucleic acid strands are able to 
10 hybridise to each other. 

18. A method according to any of claims 14 to 17 wherein a said nucleic acid strand comprises a ribose-phosphate 
backbone. 

19. A method accordrig to claim 18 wherein a said electron transfer moiety is attached to the 2' or 3' positbn of 
a ribose of said ribose-phosphate backbone. 

20. A method according to any of claims 1 4 to 1 9 wherein a said nucleic acid strand comprises a nucleic acid anatog. 

21. A method according to daim 20 wherein said nudeic acid anatog comprises a peptide nudeic acid. 

20 

22. A method according to any of claims 14 to 21 wherein a said electron transfer moiety is a transition metal complex. 



25 Patentanspruche 

1. Zusammensetzung, umfassend eine erste und eine zweite Elektronentransfergruppe, worin entweder die ersle 
Oder die zweite Gruppe eine Elektronendonorgruppe ist und die andere aus der ersten und der zweilen 
Elektronentransfergruppe eine Elektronenakzeptorgruppe ist, worin die erste Gruppe eine Elektrode ist, die an 
einen Nukleinsaurestrang gebunden ist, und worin die zweite Gaippe kovalent an den Nukleinsaurestrang 
gebunden ist. 

30 

2. Zusammensetzung, umfassend eine erste und eine zweite Elektronentransfergmppe, worin entweder die erste oder 
die zweite Gmppe eine Elektronendonorgruppe ist und die andere aus der ersten und der zweiten 
Elektronentransfergaippe eine Elektronenakzeptorgruppe ist, worin die erste Groppe eine Elektrode ist, die an 
einen ersten Nukleinsaurestrang gebunden ist» und worin die zweite Gruppe kovalent an einen zweiten 

35 Nukleinsaurestrang gebunden isl. 

3. Zusammensetzung nach Anspruch 2. worin der ersle und der zweite Nukleinsaurestrang fahig sind, an jeweilige 
benachbale erste und zweite Zieldomanen innerhalb einer Zielsequenz in einer dritten Nukleinsaure zu 
hybridisieren. 

40 4. Zusammensetzung nach Anspruch 2, worin der erste und der zweite Nukleinsaurestrang ^ig sind, aneinander zu 

hybridisieren. 

5. Zusammensetzung nach einem der AnsprOche 1 bis 4. worin ein soteher Nukleinsaurestrang eine Ribose- 
Phosphat-Hauptkette umfasst. 

6. Zusammensetzung nach Anspmch 5. worin eine solche Elektronentransfergruppe an der 2 - oder 3 -Position einer 
Ribose der Ribose-Phosphat-Hauptkette gebunden ist. 

7. Zusammensetzung nach einem der Anspruche 1 bis 6, worin ein solcher Nukleinsaurestrang ein 
Nukleinsaureanalog umfasst. 

50 

8. Zusammensetzung nach Anspnjch 7. worin das Nukleinsaureanalog eine Peptklnukieinsaure umfassL 

9. Zusammensetzung nach einem der Anspruche 1 bis 8, worin eine solche Elektronentransfergaippe ein 

Ubergangsmetallkomplex ist. 



1 0. Verfahren zum Deteklieren einer Zielsequenz in einer Nu kleinsaureprobe. umfassend: 



(a) das Hybridisieren von Nukleins§ure einer Zusammensetzung nach einem der AnsprOche 1 bis 9 an die 
Zielsequenz, sofem vorhanden, um ernen Hybrid isiemngskomplexzu bilden; 

(b) das Detektieren von Elektronentransfer zwischen der Elektronendonor- und der Elektronenakzeptorgruppe, 



11. Verfahren zum Detektieren einer Zielsequenz in einer Nukleinsaureprobe, worin die Zielsequenz eine erste 
rieldomane und eine zweile Zleldomane umfasst, die zur ersten Zieldomane benachbart ist, worin das Verfahren 
umfasst: 

(a) das Hybridisieren eines solchen ersten Nukleins3ures(rangs einer Zusannnnensetzung nach Anspnjch 3 an 
die erste ZieldomSne; 

(b) das Hybridisieren eines zweiten sotehen Nukleinsaurestrangs einer Zusammensetzung nach Anspruch 3 an 
die zweite Zreklomane; und 

(c) das Detektieren von Elektronentransfer zwischen der Elektronendonor- und der Eleklronenakzeplorgnjppe 
der ersten und des zweiten Nuklerisaurestrangs. 



12. Verfahren nach Anspruch 11, worin der erste und der zweile Nukleinsaurestrang vor dem Detektieren ligiert 
werden. 

13. Verfahren zum Detektieren einer Zielsequenz in einer Nukleinsaureprobe, umfassend: 

(a) das Hybridisieren eines solchen ersten Nukleinsaurestrangs einer Zusammensetzung nach Anspruch 4 an 
eine Zielsequenz innerhalb eines zweiten Nukleinsaurestrangs einer Zusammensetzung nach Anspmch4; und 

(b) das Detektieren von Elektronentransfer zwischen der Elektronendonor- und der Elektronenakzeplorgruppe 
des erslen und des zweiten Nukleinsaurestrangs. 



14. Verfahren zur Herstellung einer Zusammensetzung nach Anspruch 1 , umfassend; 

(a) das Aufnehmen eines ersten modifizierten Nukleotids in einen Nukleinsaurestrang: 

(b) das Hybridisieren des Nukleinsaurestrangs mit einem komplementSren Nukleinsaurestrang, um 
doppelstrangige Nukleinsaure zu biklen; 

(c) das Anbinden einer Elektrx)nentransfergruppe uber das erste modifizierte Nukteotid; 

(d) das Trennen des modifizierlen Nukleinsaurestrangs vom komplemenlaren unmodrcaerten 

Nu kleinsaurestrang ; 

(e) das Binden des Nukleinsaurestrangs an eine Eiektrode. 



15. Verfahren zur Herstellung einer Zusarmiensetzung nach Arispaich 2. umfassend: 

(a) das Binden eines ersten Nukleinsaurestrangs an eine Eiektrode; 

(b) das Aufnehmen eines ersten modifizierten Nukleotkis in einen zweiten Nukleinsaurestrang; 

(c) das Hybridisieren des zweften Nukleinsaurestrangs an einen komptement§ren Nukleinsaurestrang, um 
doppelstrangige Nuklensaure zu bilden; 

(d) das Anbinden einer Elektronentransfergruppe Ober das erste modifizterte Nukleotid: 

(e) das Abtrennen des modifizierten zweiten Nukleinsaurestrangs vom komplemenlaren unmodifizierten 
Nukleinsaurestrang. 



16. Verfahren nach Anspruch 15, worin der erste und der zweite Nukleinsaurestrang fahig sind. an jeweilige 



benachbarte ersle und zweite ZieldomSnen innertialb einer Zielsequenz in einer dritten Nukleinsaure zu 
h^ridisieFen. 

17. Verfahren nach Anspruch 16 oder 16, worin der «ste und der zwefte Nukleinsaurestrang fahig sind, aneinander 
zu hybrid isieren. 

18. Verfahren nach einem der Anspruche 14 bis 17, worin ein solcher Nul<leinsaurestrang eine Ribose-Phosphat- 
g Hauptkette umfasst 

19. Verfahren nach Anspruch 18, worin eine solche Eiektronentransfergruppe an der 2- oder 3'-Posilfon einer 
Ribose der Ribose-Phosphal-Hauplkette gebunden ist. 

20. Verfahren nach einem der Anspruche 14 bis 19, worin ein solcher Nukleinsaurestrang ein Nukleinsaureanalog 
10 umfasst. 

21. Verfahren nach Anspruch 20, worin das NuWelnsaureanatog eine PeptidnuWeinsaure umfasst. 

22. Verfahren nach einem der Anspruche 14 bis 21, worin eine solche Elektronentran^ergruppe ein 
Obergangsmetaltkomplex ist. 



Revendications 

2^ 1. Composition comprenant des premiere et seconde fractions de (ran^ert d'electrons, ou I'une desdites premiere 
ou seconde fractions est une fraction donneur d'electrons et I'autre desdites premiere et seconde fractions de 
transfer! d'electrons e^ une fraction accepteur d'^ectrons oCi la premiere fraction est une electrode attachee 
a un brin d'acide nucleique et ou la seconde fraction est attachee de maniere covalente audit brin d'acide nucieique. 

2. Composition comprenant des premiere et seconde fractions de transfert d'electrons, ou Tune deedites premiere ou 
25 seconde fractions est une fraction donneur d'electrons et I'autre desdites premiere et seconde fractions de 

transfert d'electrons est une fraction accepteur d'electrons oO la premiere fraction est une electrode attachee 
a un premier brin d'acide nucleique el ou la seconde fraction est attachee de maniere covalente a un second brin 
d'acide nucleique. 

3. Composition selon la revendication 2, ou les premier et second brins d'acide nud^ique peuvent s'hybrider d des 
^ premier et second domaines cbles adjacents respectifs dans une sequence cibfe dans un troisieme acide 

nucleique. 

4. Composition selon la revendication 2, oCj les premier et second brins d*acide nucleique sont capables de 
s'hybrider fun d I'autre. 

35 

5. Composition selon fune quelconque des revendicatbns 1 ^ 4, oO un dil brin d*acide nuclek^ue comprend une 6pine 
dorsale de ribose-phosphate. 

6. Composition seton la revendk^atbn 5. oCi une dite fractbn de transfert d'electrons est attachee a la posilbn 2' ou 
3' d'un ribose de tadite epine dors^e de ribose-phosphate. 

40 

7. Composition selon Tune quelconque des revendicatbns 1 a 6, oO un dit brin d'acbe nudSique comprend un 
analogue d'acide nucleique. 

8. Compositbn selon la revendbatbn 7, oO ledrt analogue d'acide nucleique comprend un acbe nucleique de peptide. 

45 

9. Compositbn selon Tune quelconque des revendbatbns 1 d 8, oO une dite fractbn de transfert d'electrons est 
un complexe d'un metal de transitbn. 

10. Methode de detectbn d'une sequence cible dans un echantillon d'acide nucleique comprend ; 

50 (a) i'hybridatbn de Tacide nucleique d'une compositbn selon Tune quelconque des revendbatbns 1 a 9 d 

ladite sequence dble, si efie est presente, pour former un complexe d'hybridatbn ; 

(b) la detectbn du transfert d'electrons entre lesdites fractions donneur d'electrons et accepteur d'electrona 



55 



11. Methode de detection d'une sequence cible dans un echantillon d'acide nucleique ou tadite sequence cibtei 



comprend un premier domaine cible et un second domatne cible adjacent audit premier domaine cible, ou tadtte 
m^thode comprend : 

(a) rhybridatlon d'un dit premier brin d*acide nud^ique d'une composition selon ta revendication 3 audit 

premier domaine cible ; 

(b) rhybrldation d'un dit second brin d'acide nucleique d'une composition selon la revendication 3 audit 
second domaine cibte et 

(c) ta detection du transfer! d'^lectrons entre ies fractbns donneur d'^lectrons et accepteur d'^lectrons 
desdits premier et second brins d'acide nucleique. 



12. Mettiode selon la revendicatbn 11, oCi lesdits premier et second brins d'acide nucleique sont ligatures avant 
ladite detection. 

13. M§thode de dStectbn d'une sequence ctole dans un ^chantillon d'acide nucleique comprenanl : 

(a) Thybridatfon d'un dit premier brin d'acide nucleique d'une composition selon la revendication 4 d une 
sequence dble dans un dit second brin d'acide nucleique d'une composition selon la revendication 4 ; et 

(b) la deteclbn du transfert d'electrons entre Ies fractbns donneur d'electrons et accepteur d'electrons 
desdits premier et secorxt brins d'acide nucleique. 



14. Methode de production d'une compositbn seton la revendbatbn 1 comprenant : 

(a) nncorporation d'un premier nucleotide modifie dans un brin d'acide nucleique ; 

(b) rtiybridatbn dudit brin d'acide nucleique avec un brin d'acide nucl6ique comptementaire pour former un 
acide nucleique d deux brins ; 

(c) rattachen^nt d'une fraction de transfert d'electrons via ledit premier nucleotide modifie ; 

(d) la separatbn du brin d'acide nudelque modifi6 du brtfi d'acide nucleique non modifie compl6mentaire ; 

(e) I'attachtement dudit brin d'acide nucleique a une electrode. 



15. Methode de production d'une composition selon la revendicatbn 2 comprenant : 

(a) I'attachement d'un premier brin d'acide nucleique a une electrode ; 

(b) I'incorporatbn d'un premier nucleotide modifie dans un second brin d'acide nucleique ; 

(c) I'hybridation dudit second brin d'acide nucleique avec un brin d'acide nucleique compl6mentaire pour 
former un acide nucl6lque a deux brins ; 

(d) I'attachement d'une fraction de transfert d'electrons via ledIt premier nucleotide modifie . 

(e) la separatbn dudit second brin d'acide nucleique modify du brin d'acide nucleique non modifie 
complementaire. * c 



16. Methode selon la revendbatbn 15. ou Ies premier et second brins d'acide nucleique peuvenl s'hybrider d des 
premier et second domaines cibles adjacents respectifs dans une sequence cft)le dans un troisi^me acide 
nucleique. 

17. Methode selon la revendicatbn 15 ou la revendbation 16. oO Ies premier et second brins d'acide nucleique 
peuvent s'hybrider I'un a I'autre. 

18. Methode selon Pune quelconque des revendlcatbns 14 d 1 7, oD un dit brin d'acide nucleique comprend une epine 
dorsale de ribose-phosphate. 



19. M^thode sebn la revendication 18, ou une dite fraction de (ransfert d*e(ectrons est attach^e a ta posjtbn 2* 
ou 3' d'un ribose de ladite epine dorsale de ribose-phosphate. 

20. Methode selon Tune quelconque des revendications 14 3i 19, oO un dit brti d'acide nuclelque comprend un 
an^ogue d'acide nud^iqua 

21 . Methode selon la revendication 20, oD tedit analogue d'acide nucleique comprend un acide nuclelque de peptide. 

22. Methode selon Tune quelconque des revendications 14 a 21, oO une dite fraction de transfert d'electrons est 
un complexe d*un mStal de transition. 
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